Why now?
The reasons to shed light on these aspects are manifold. First of all, in recent years, the research paradigms to study human perception have increasingly included constructivist approaches that reflect a subjective perspective of human perceptions (Creswell 2014) . A main approach within this paradigm is phenomenology that sees human multisensory sensations and the subjective interpretation of these as central themes of 'perception' (Heschong 1979; Husserl 1960; Merleau-Ponty 1992) . In line with these developments, embracing such phenomenological approaches seems necessary to supplement the predominantly positivist discourse in thermal perception studies.
Secondly, environmental psychology has significantly advanced in the past years and provided new ways of collecting data on people's experience of their environment, including the thermal environment (Knez 2005; Lenzholzer and van der Wulp 2010) . These recent developments had significant repercussions in the disciplines that shape human environments and thus the thermal environment (e.g. architecture, urban design, landscape architecture), as they aim at creating environments that respond to these perceptions. Phenomenological and psychological approaches have become relevant approaches to support design decisions in these disciplines (Pallasmaa 2005) . In line with these developments, phenomenological and psychological perspectives have gained importance and been taken into account in recent research on thermal perception.
Finally, the rapid development of social media and internet of things provide new approaches to collecting information from different populations which would not have been possible 20 years ago. Such progress in disparate fields has suggested it is timely to provide an overview of these recent developments through this special issue and provide an outlook into promising future concepts and methods.
Contents and highlights
The special issue includes a range of methodological approaches in the field of outdoor thermal comfort, as well as geographical spread and climatic zones ( Fig. 1 (Pantavou et al.) . This international coverage confirms the global reach and importance of the remit of outdoor thermal comfort (Table 1) .
The work submitted to this special issue reflects a methodological variation, focusing on different aspects of thermal perception and comfort. The work includes mixed methods, some more established than others for the specific cognate area. Phenomenological and ethnographic approaches complement more traditional methods collecting data and comparing subjective with objective methods to draw relevant conclusions. Innovative social media platforms such as twitter are also included (Giuffrida et al.), highlighting potential next steps in capturing large-scale subjective data from multiple areas, surpassing the difficulties of traditional comfort surveys, as well as theoretical position papers aiming to construct an extended model of thermal perception (Lenzholzer and de Vries) .
The different contributions ultimately aim to understand thermal perception, the driving forces behind it and how these can be employed in design and planning of our cities, as well as different prediction and warning systems for the public. The notion of adaptation and environmental diversity becomes integral for health and well-being under the unprecedented global warming that our cities face.
Methodological approaches
Integral to all the approaches presented in the different studies is the need to triangulate evidence from the different surveys studying human perspectives (whether through interviews, or observations) with meteorological measurements available at different scales, from the microclimate participants' experience to weather stations.
Portable meteorological stations have been employed, usually accompanying structured surveys with members of the population in transverse surveys. In studying the subjective perspective, different approaches have been followed: from passive activity observations to estimated thermal adaptation in Adelaide (Sharifi and Boland) to the use of photographic comparisons in Porto (Cortesão et al.) , and photographic records in Sao Paolo to measure exposure times (Faustini et al.). To overcome the need for collecting wider samples to represent a population, two studies used longitudinal methods with structured walks with small groups. Lemonsu et al. consider thermal perception as one of the components of environmental perception in Toulouse, while Vasilikou and Nikolopoulou organised a series of thermal walks in London and Rome in different seasons, to evaluate the variation of thermal perception in the urban fabric, highlighting the role of walking in thermal diversity. At the regional scale, Giuffrida et al. demonstrate how twitter can provide meaningful information on linking tweets containing weather-associated words with thermal perception, while linking with real-time meteorological data. This study successfully paves the way for further employment of social media platforms and Internet of Things in the wider thermal comfort debate.
Regarding evaluation methods, in many of the studies, there is an attempt to link subjective indicators of thermal sensations as collected from the surveys with different indicators from literature, predominantly developed for outdoor use. From the range of theoretical indicators presented in the special issue, the most widely used have been the physiological equivalent temperature (PET) and universal thermal comfort index (UTCI), employed by Sharifi and Boland, Manavvi and Rajasekar, as well as Pantavou et al., while Klok et al. and Leng et al. use PET. All these studies are aiming to quantify different aspects of adaptation, whether through linking with thermal sensation or thresholds as a function of different climatic parameters. Another useful approach highlights the use of existing datasets and the need for developing open-access data. With the increasing occurrence of outdoor comfort surveys across the world, this can become an important resource which can allow further analysis in the future. One such study is the paper by Pantavou el al., who use meta-analysis of the largest publically available dataset on outdoor thermal comfort to-date, that of project RUROS (CRES 2004) , to quantify the contribution of climate to the long-term thermal adaptation. Many authors discuss the effect of design-related parameters on thermal comfort; however, Klok et al. succeed in also quantifying such influence, linking the cooling effect of green, shade and water with thermal comfort based on measurements as well as surveys. Shading appears to be the most influential parameter during hot weather, and such information is critical for urban planners and other professionals who may be tasked with reducing urban heat.
Activities
Outdoor spaces can support a range of activities and can play an important role for health and well-being both directly, allowing outdoor activities to take place, including walking and exercising, as well as indirectly supporting informal activities, socialising, to providing suitable conditions for cooling when the indoor environment becomes unhospitable. Different authors discuss activity across a wide spectrum from essential to optional, static to dynamic.
In the winter city of Harbin, Leng et al., focusing on residential open spaces, highlight the low thermal threshold value of 10.2°C for outdoor activities and how design can be employed to increase the marginal season.
Similarly, Sharifi and Boland, differentiating between social and necessary activities, highlighted the wide range of thermal conditions between the two types. Once again, thermal adaptation varied widely between different sites, depending on supportive land use, as well as spatial and landscape features.
These are also the results of Faustini et al., who investigate time of exposure in two different areas in the zoo of Baaru, Sao Paolo. Although use of different areas was similar in relation to the number of people visiting the different areas, people spent longer time in the spaces with more favourable microclimatic conditions, i.e. better shading.
One typology of open spaces that had not been investigated before, but where outdoor comfort conditions have a considerable influence, is religious spaces. These provide the framework for the analysis of Manavvi and Rajasekar, in two religious squares is New Delhi. Adaptation elements such as from solar exposure and landscape, as well as implicit physiological factor such as intent of visit and thermal history, have a significant effect on thermal perception. Particularly for those visiting the squares for religious purposes, neutral PET was 2.7°C higher than those visiting for non-worship purposes, once again highlighting the importance of psychological adaptation.
Social construct?
Socio-economic and cultural backgrounds are rarely investigated in outdoor comfort surveys. It is generally acknowledged that outdoor space is predominately accessible to all.
Although there is specific mention to spaces drawing people from different economic backgrounds and social hierarchies in the special issue, such as the religious squares, this is explicitly discussed by Aljawabra and Nikolopoulou. Focusing on a similar hot arid climate of Marrakech in Morocco and Phoenix in Arizona, they highlight the effect such factors can have on thermal comfort. Due to the prevalence of air conditioning in Phoenix, people were more sensitive to changes in air temperature and solar radiation, demonstrating a narrower comfort zone. Interestingly, in both cities, people from lower socio-economic background were found to be comfortable at a wider range of temperatures. Given the financial and environmental expense of using air conditioning, comfortable outdoor spaces can thus provide suitable alternatives supporting outdoor activities for different population groups.
What for the future?
The special issue concludes with a position paper by Lenzholzer and de Vries. They assess the recent literature on outdoor thermal perception, aiming to develop an extended model of thermal perception that explicitly includes the subjective approaches, identifying knowledge gaps and suggesting new methods to study outdoor thermal perception. From refinement of the development or thermal indices to multisensory perception or technological developments, and immersive experiences, whether physical or digital, we are still in the infancy of fully articulating and quantifying the psychological aspect of thermal perception. Although the model still remains speculative, the evidence provided throughout this special issue has highlighted a number of important issues.
Where personal data is not available, predictive models can be useful to inform comfort conditions and justify the efforts using publicly available data sources. The recurrent theme across the submissions highlights the important role of adaptation in supporting human activities. In this framework, design can be viewed as integral to increase environmental diversity and enhance adaptive capacity. This requires collaboration between different disciplines and understanding of semantics of different fields: from land use to urban morphology, to natural or other design interventions, all highlighting the importance of the network of open spaces. This aligns with the findings from a recent special issue from the built environment, which demonstrated that the fabric-first approach focusing on buildings as isolated entities need to be revisited (Emmanuel and Steemers 2018).
Undoubtedly, we foresee a need for further research in the field. Focusing on the most densely populated regions, such as Southeast Asia, Africa and South America, can provide evidence for the critical role of open spaces, as well as health and well-being. In a changing climate, thermal perception is paramount to the development of comfortable open spaces, which not only increase resilience but also enable social justice ensuring access to comfortable environments to the wider population.
